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TITI.E OF THE IHVENTION 

METHOD AND APPARATUS FOR MEASURING PHOTOELECTRIC 
CONVERSION DEVICE, AND PROCESS AND APPARATUS FOR 
PRODUCING PHOTOELECTRIC CONVERSION DEVICE 

BACKGROUND OF THE INVENTION 
1 - Field of the Invention 

The present invention relates to a measuring method 
for measuring current-voltage characteristics of a 
photoelectric conversion device such as solar cell, 
photovoltaic element or photosensor under irradiation of 
light. In the present invention, said photoelectric 
conversion device includes a photoelectric conversion 
apparatus prepared by connecting a plurality of photoelectric 
conversion devices in series or parallel connection. The 
present invention includes a process and an apparatus for 
producing a photoelectric conversion device. 
2- Related Background Art 

The photoelectric conversion characteristics (for 
example, efficiency, Voc , Ise , and fill-factor) of a 
photoelectric conversion device such as solar cell, 
photovoltaic device or photosensor can be obtained by 
measuring current-voltage characteristics thereof under 
25 irradiation of light. The measuring method in this case 
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Includes «i measuring method wherein sunlight is used as the 
irradiation light and a measuring method wherein 
artificial light source (that is, pseudo sunlight) is used 
as the irradiation light. 
5 By the way^ in recent years ^ the practical use of 

photoelectric conversion devices having a large light 
receiving face has been progressed.. Along with thiSr 
necessity to measure their current-voltage characteristics 
under irradiation of light at aa Irradiance of 1000 W/m^ 
10 which is the normal irradiance of the sunlight has heen 
increasing. 

In order to precisely measure the current -voltage 
characteristics of a given photoelectric conversion device 
having a large light receiving face, it is necessary that light 

15 having an intensity of about 1000 W/m^ is uniformly 

irradiated over said large light receiving face of the 
photoelectric conversion device. When an artificial light 
source is used in this case, it is necessary to use, for 
instance r a discharge lamp with a large electric power of 

20 several tens kilowatts (kW) per an irradiation area of 1 

as such artificial light source. However, in order that steady 
light is gj^nerated by the discharge lamp with such large 
electric power, a large electric power is necessary to be 
steadily supplied, where the equipment for achieving this 

25 becomes unavoidably very large in terms of the scale. Thus, 
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-this tneasuxlng met:ho<i Is not: realistic. 

Xn view of -khls^ tihere Is known a ineasurlng xnet:hod 
to measure the current^voltage characteristics of a given 
photoelectric conversion device having a large light 
5 receiving face by using a pseudo sunlight source which 

generates not steady state light but pulsed lights Although 
no precise definition is pxesent, as such pseudo sunlight 
source^ there are known a long pulse solar simulator whose 
duration of pulsed light is more than 20 m/sec and a 

10 short pulse solar simulator whose duration of pulsed light 
is up to several msec. The measuring method of measuring 
the current— voltage characteristics of a given 
photoelectric conversion device having a large^ light 
receiving face by means of pulsed light in this way is more 

15 advantageous in comparison with the measuring method by 
means of steady state light. That is,- in the latter method, 
there are disadvantages such that the temperature of the 
photoelectric conversion device is increased during the 
measurement and therefore y the teener ature correction is 

20 necessitated. The former method is substantially free of such 
disadvantages . 

The measuring technique by means of such long 
pulse solar simulator as above described is disclosed in, 
for instance, Japanese Patent Publication No. 4 (1992) -53271 

25 (hereinafter referred to as document 1) and Japanese Patent 
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Publication No. 6 (1994) -105280 (hereinafter referred to as 
document 2} • Particularly these dociunents 1 and 2 
describe that by instamtaneously flowing a large current 
which exceeds the rated current to a discharge lamp which 
5 is kept in a stand— by condition, it is possible to uniformly 
irradiate light with an intensity of about 1000 W/m^ over the 
entire of a large light receiving face of a photoelectric 
conversion device at a pulse width of more than 20 msec 
during the time of measuring the current -voltage 

10 characteristics of the photoelectric conTrersion device • 
As the foregoing short pulse solax: simulator^ a 
large area pulsed solar simulator produced by Spectrolab 
Company and a SPI-SUN simulator produced by Spire Company are 
commercially available* A measuring system using said lac^ge 

15 area pulsed solar simulator as the pseudo sunlight source 
which is produced by Spectrolab Company and a measuring 
system using said SPl^SUN simulator as the pseudo sunlight 
source which is produced by Spire Company are also 
commercially available. 

20 Now , there is known a so->called multipulse method 

for measuring the current-voltage characteristics of a 
photoelectric conversion device by using said measurement 
system in which the short pulse solar simulator is used as 
the pseudo simlight source. According to this multipulse 

25 methods data (that is, a pair of current value data 
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and volt:age value datia) at n points (n Is an integer 'of 
more than 2) of the photoeXectrie conversion device can be 
obtained by a manner wherein n times pulsed lights are 
supplied over the light receiving face of the 
5 photoelectric conversion device while applying a series of 
prescribed voltages to the device, where I^-V data at 
each of prescribed n points of the device in accordance 
with each pulsed light while sweeping the voltage 
applied after the measureinent of the I-V data in each case- 

10 As the peculiar problem in the case of using the short 

pulse solar simulator^ a problem relating to the 
responsibility of ,the photoelectric conversion device is 
pointed out by H, Ossenbrink et al, in the report ^Errors in 
Current -Voltaq^e Measurement of Photovoltaic Device 

15 Introduced by Flash Simulators'^ in 10th European 

Photovoltaic Solar Enercry Conference 1055 (hereinafter 
referr-ed to as document 3). The problem described in the 
document 3 is such that in the case of the photoelectric 
conversion device whose static capacitance is large, when 

20 the speed to sweep the voltage applied to the photoelectric 

conversion device is made to be faster, especially the I-V 

•* 

curve (the cur-rent— voltage characteristic curve) is 
distorted. For the reason for this, the document 3 describes 
that this is due to a factor that as the photoelectric 
25 conversion device has a given static capacitance, when a 



prescribed volt:age is applied theretOi, phenomena similar to 
the charge^and— discharge phenomena in the condenser .are 
occurred, and in the short pulse simulator^ the duration at 
the pulsed light is shoxrt and because of this, the time 
allowed to measure the current-voltage characteristics of 
the photoelectric conversion device inevitably becomes to 
be short and this makes to shorten the time allowed to sweep 
the voltage applied to the photoelectric conversion device - 

Thus, the problem relating to the responsibility 
which is described in the document 3 corresponds to that 
relating to the responsibility of the charge and discharge of 
the photoelectric conversion device* Therefore^ it is 
considered that this problem can be solved basically by 
measuring the current value of the photoelectric conversion 
device after a sufficient time is elapsed in responding to the 
charge-and-discharge since the time when a prescribed 
voltage is applied to the photoelectric conversion device. 

The previously mentioned doctonents 1 and 2 
describe the presence of a problem similar to that 
described in the document 3 in the measuring technique 
by means of the long pulse solar simulator and also 
describe a solution of the problem in that by prolonging 
the time interval for the voltage applied to the 
photoelectric conversion device to be changed by way of 
prolonging the duration of the pulsed lights it makes 



possible to measuire the current-voltage characteristics of 
the photoelectric conversion device whose responsive 
speed to the charge-and-discharge is tardy- 

SOMMRRY OF THE INVENTION 

In view of the foregoing prior art/ the present 
inventor conducted extensive studies through experiments 
in order to establish a measuring method which enables to 
precisely measure the current-voltage characteristics of a 
photoelectric conversion device to be inspected (this 
photoelectric conversion device will be hereinafter referred 
to as ''^inspective photoelectric conversion device'') - As a 
result/ there was obtained findings that it is not 
sufficient merely to prolong the time interval for the 
voltage applied to the inspective photoelectric conversion 
device with consideration of the responsibility thereof to 
the ciiarge-and-discharge but it is necessary to take a 
proper measure for the difference between the light 
responsibility of a reference device and that of the 
inspective photoelectric conversion device- Detailed 
description will be made about this measure. 

The reference device means a photoelectric conversion 
device whose structure is basically the same as that of the 
inspective photoelectric conversion device and which has 
iDeen selected and calibrated based on the criterion 
stipulated in lEC 60904-2 or lEC 60904-6. The reference 
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device can Include a reference cell/ a reference module^ and 
the like- 

Upon measuring the cur rent -voltage characteristics 
of the Inspective photoelectric conversion device, the 
5 irradiance of irradiation light (light irradiated) is 
detected by comparing the value of a short-circuit current 
of the reference device with the previously calibrated 
value thereof - 

In the case where an artificial light source of steady 

10 state light is used^ because the Irx-adiance has been 
previously controlled to be constant ^ ±t is possible that 
the irradiance of the artificial light source is detected 
before or after the measurement of the current-voltage 
characteristics of the inspective photoelectric conversion 

15 device. However, in the case where an artificial light source 
of pulsed light is used or the sunlight is used, because the 
irradiance is not constant, it is necessary to detect the 
irradiance by the reference device simultaneously with the 
measurement of the current-voltage characteristics of the 

20 Inspective photoelectric conversion device* 

However, in the case where the detection of the 
irradiance is performed during the time of measuring the 
current-voltage characteristics of the inspective 

photoelectric conversion device, a basic unit cell wJiose 

25 light receiving area is small and which is engaged neither 



In series cbxineclzion nor in parallel connection Is used ±n 
many cases. This Is due to a factor that the area of the light 
Irradiation face by the artificial light source or that of 
a frame bed of tracking the sunlight Is limited and also a 
5 factor that the size of the reference device which can be 
calibrated in authorized calibration inspection is 
restricted. 

Besides/ depending on the kind of an inspect ive 
photoelectric conversion device, there will be an occasion 

10 that it is difficult to obtain a reference device whose 
characteristics are stable wich time and which Is 
corresponding to the Inspectlve photoelectric conversion 
device, and because of this, there will be a case where 
the Inspectlve photoelectric conversion device and the 

15 reference device are different from each other in ceinAS of the 
material. When the inspectlve photoelectric conversion 
device and the reference device are different from each 
other in terms of the material, the area or the series or 
parallel connection, a difference will be occurred 

20 between the reference device which serves to detect the 
irradiance and the inspectlve photoelectric conversion 
device with respect their light responsibility of the output 
during the measurement in many cases. 

In the present invention, the time constant for the 

25 responsibility of the short-circuit current of the reference 
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device or the inspectiive photoelectjclc conversion device 
versu$ a change ±n the irxadiance of light Irradiated is 
indicated to be a light responsive time constant. 

In the case where the light responsive time 
constant of the reference device differs from that of the 
inspective photoelectric conversion device, under light 
whose irradiance is changed such as pulsed light or 
the sunlight, there will be occurred a problem such that it 
is difficult to precisely detect an effective irradiance for 
the inspective photoelectric conversion device and because 
of this, it is difficult to precisely measure the 
current^voltage characteristics of the inspective 
photoelectric conversion device. This problem is different 
from the foregoing problem relating to the responsibility 
to the charge and discharge of the inspective photoelectric 
conversion device but is corresponding to the problem 
relating to the responsibility of the inspective 

photoelectric conversion device to light irradiated thereto. 

This problem becomes significant when a 

photoelectric conversion device whose light responsive time 
constant is large such as a photoelectric conversion device 
having a photoelectric conversion layer coinprising a 
semiconductor thin film is subjected to the measurement of 
the current -voltage characteristics using pulsed light. Even 
when the time interval to change the voltage applied to the 
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photoelectric conversion device is prolonged using the 
long pulse solar simulator, there Is often afforded such an 
l-V curve formed by plotting the measured current- volt age 
characteristics as shown in FIG, 7 which is accompanied by 
5 distortions or roughness in comparison with a natural I-V 
curve afforded under steady state light - 

The present inventor conducted extensive studies 
through experiments of the cause of entailing such 
distoj:;tions or roughness in the I— V curve. As a result^ 

10 there was obtained a finding that the distortions and 
roughness are occurred mainly due to a factor that because 
of a difference between the light responsive time constant 
of the inspectlve photoelectric conversion device and that 
of the reference device, an error was occurred in the 

15 detected value of the effective irradiance of the pulsed 
light. The present invention has been accomplished based on 
this finding- 

Accordingly, the present invention is aimed at 
solving the foregoing problems <. 

20 Another object of the present invention is to 

provide a measuring method which enables to precisely 
measure the current-voltage characteristics of a 
photoelectric conversion device even under condition where 
light whose intensity is unstable such as pulsed light or 

25 the sunlight is irradiated- 
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A further object of the present inventiQn is to 
proTrlde a measuring apparatus which enables to precisely 
measure the current -voltage characteristics of a 
photoelectric conversion device even under condition where 
light whose intensity is unstable such as pulsed light or 
the sunlight is irradiated. 

A still further object of the present invention is to 
provide a process and an appar-atus for producing a 
photoelec^tric conversion device. 

A typical einbodiment of the measuring method of the 
present invention is directed to a method for measuring 
current-voltage characteristics of a photoelectric 
conversion device by irradiating light to said 
photoelectric conversion device and a r-eference device 
corresponding to said photoelectric conversion device at 
the same time while detecting an irradiance of said light 
using said reference device/ characteri^^ed in that a light 
responsive time constant of an irradiance detection circuit 
in which said reference device is used is adjusted so that 
said light responsive time constant of said irradiance 
detection circuit approximates to a light r-esponsive time 
constant of said photoelectric conversion device. 

Said light used in the measuring method of the 
present invention is preferred to comprise light whose 
irradiance is varied with time,. As such light, there* can be 
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mentioned pulsed light by an artificial light source and the 
sunlight , 

In the measuring method of the present invent ion ^ it 
is possible that by using an integrating circuit in the 
5 irradiance detection circuit in which the reference device is 
used, the light responsive time constant of this irradiance 
detection circuit is increased so as to come closer to the 
light responsive time constant of the photoelectric 
conversion device. As the integrating circuit, it is 

10 possible to use an RC integrating circuit or an RL 
integrating circuit- Separately^ the integrating circuit may 
contain a component comprising a semiconductor element or 
another photoelectric conversion device which is different 
from the reference device and also different from the 

15 inspective photoelectric conversion device, 

tn the measuring method of the present invention, it 
is possible that the light responsive time constant of the 
irradiance detection circuit in which the reference device 
Is used is continuously changed. 

20 In this case, it is preferred that the light 

responsive time constant of the irradiance detection circuit 
in which the reference device Is used is made to come closer 
to that of the photoelectric conversion device so that a 
difference between a normalized short-circuit current value 

25 by the irradiance detection circuit in which the reference 
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device is used and a norzaallzed short:-circu±t current: value 
o£ lihe phot:oelectri.c conversion device, which ax-e measured 
at any optional timing during the time i^hen the 
current -voltage characteristics of the photoelectric 
5 conversion device are being measured^ to fall within a range 
of ± 3% - 

The measurement of the cur rent- volt age 

characteristics of the photoelectric conversion device 
(that is^ the inspective photoelectric conversion device) in 

10 the measuring method of the pT<st&&nt, invention is perfoirmed/ 
for example, in the following manner - 

The light responsive time constant of the 
irradiance detection circuit in which the reference device is 
used Is made to come closer to the light responsive time 

15 constant of the photoelectric conversion device in comparison 
with a light responsive time constant of said reference 
device itself. 

As a result of making the light responsive time 
constant of the Irradiance detection circuit in which the 

20 reference device is used to come closer to that of the 
photoelectric conversion device, even when the irradiation 
light is varied with time, a change in the effective 
irradiance which complies with a given light responsive 
speed of the photoelectric conversion device can be 

25 precisely measured* 
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The measured current-voltage ctiaractexistics of the 
photoeleccric conversion device are . subjected to the 
correction with respect to the IrracHance by means of 
the detected irradlance. Because the measured value of the 
5 irradlance becomes to be accurate ^ the correction with 
respect to the Irradiance also becomes to be accurate. As a 
result, the current-voltage characteristics of the 
photoelectric conversion device after the correction become 
to be accurate - 

10 A typical embodiment of the measuring apparatus is 

directed to an apparatus for measuring current-voltage 
characteristics of a photoelectric conversion device, 
comprising at least a light irradiation means for 
irradiating light to said photoelectric conversion device 

15 and a reference device corresponding to said photoelectric 
conversion device at the same time, an irradiance detection 
circuit in which said reference device is used, a means for 
measuring the current-voltage characteristics of said 
photoelectric conversion device, and a means for changing a 

20 light responsive time constant of said irradiance detection 
circuit in which said reference device is used. 

The light ix-radiatlon means in the measuring 
apparatus of the present invention may comprise a means 
having an artificial light source to generate pulsed light- 

25 The measuring apparatus of the present invention may 



further comprise a means for installing said photoelectric 
conversion device and $ald reference device outdoors so 
that they can face to the sunlight at a substantially equal 
angle. 

The irradiance detection circuit in which the reference 
device is used in the measuring apparatus of the present 
invention may have an integrating circuit. As the 
integrating circuit, it is possible to use an RC integrating 
circuit or an KL - integrating circuit - 

Separately, the integrating circuit may contain a 
cQxnponent comprising a semiconductor element or another 
photoelecrric conversion device which is different from the 
reference device and also different from the Inspective 
photoelectric conversion device. 

The means for changing the light responsive time 
constant of the irradiance detection circuit in which the 
reference device is used in the measuring apparatus of 
the present invention may be a means for continuously 
changing said light responsive time constant- 

A typical embodiment of the process for producing a 
photoelectric conversion device in the present invention 
comprises a step (a) of forming at least one photoelectric 
conversion portion on a substrate to obtain a photoelectric 
conversion device and a step (b) of measuring the 
cur rent- volt age characteristics of said photoelectric 
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conversion device^ charao^erlzed in t:.liat: said $t:ep (b) 
Includes a stiep o£ providing an Irradiance deliectlon 
circuit in which a reference device corresponding to said 
photoelectric conversion device is used and a step of 
5 adjusting a light responsive time constant of said 
irradiance detection circuit so that said light responsive 
time constant of said irradiance detection circuit comes 
closer to a light responsive time constant of said 
photoelectric conversion device. 

10 h typical embodiment of the apparatus for producing 

a photoelectric conversion device in the present invention 
comprises a means (i) for forming at least one photoelectric 
conversion portion on a substrate to obtain a photoelectric 
conversion device and a means (11) for measuring the 

15 current -voltage characteristics of said photoelectric 
conversion device, characterized in that said means (11) has 
a means for irradiating light to said photoelectric 
conversion device and a reference device corresponding to 
said photoelectric conversion device at the same time^ an 

20 irradiance detection circuit in which said reference device 
is used^' a means for measuring the current— voltage 
characteristics of said photoelectric conversion device^ 
and a means for changing a light responsive time constant of 
said irradiance detection circuit in which said reference 

25 device is used. 
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BRIEF DESCRIPTION OF THE DRRWXNGS 

FIG. 1 is a schematic dlagrani schematically 
illustrating the constitution of an example of a measuring 
system of the present invention ♦ 

PIG- 2 is a schematic diagram illustrating the 
constitution of an example of an irradiance detection circuit 
in which a basic RC integrating circuit is used in the 
present invention - 

FIG. 3 is a schematic diagram Illustrating the 
constitution of an example of an irradiance detection circuit 
in which a basic RL. integrating circuit is used in the 
present invention . 

FIG. 4 is a graph showing an output wavefoxm of an 
irradiance detection circuit and an output waveform of a 
photoelectric conversion device by means of oscilloscope 
where the two output waveforms are comparatively shown by 
normalizing them, 

FIG^ 5 shows an example of a waveform of pulsed light 
by a long pulse solar simulator. 

FIG, 6 is a graph showing measured results of the 
current-voltage characteristics of a photoelectric 
conversion device in Example 1 which will be described 
later* 

FIG. 7 is a graph showing measured results of the 
current -voltage characteristics of a photoelectric 
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conversion device In Comparative Example 1 which will be 
described la'ber* 

DESCRIPTION OF THE INVENTION AND 
PREFERRED EMBODIMENTS 
5 In the following^ preferred embodiments of the 

present invention will be detailed with reference to the 
drawings. It should be understood that the present 
invention is not restricted by these embodiments. 

FIG. 1 is a schematic .diagram illustrating the 

10 constitution of an example of a' measuring system for 
measuring current— voltage characteristics of a 

photoelectric conversion device in the present invention ♦ 

In FIG- 1^ reference numeral 101 indicates 
irradiation lights reference numeral 102 a photoelectric 

15 conversion device which is subjected to the measurement 
of current-voltage characteristics thereof, reference 
numeral 103 a reference device, reference numeral 104 an 
irradiance detection circuit in which the reference device 103 
is usedr reference numeral 105 a voltage detection means for 

20 detecting a voltage value of the photoelectric conversion 
device 102, reference numeral 106 a current detection means 
for detecting a current value of the photoelectric 
conversion device 102 ^ reference numeral 107 a voltage 
variable means, reference numeral 108 an output detection 

25 means for detecting an output of the irradiance detection 



clrcnait: 104^ and reference niuneral 109 a measurement 
control /data processing means. 

In FIG* 1^ solid lines (excluding sol±d li^nes 101 
indicating irradiation light) indicate electric connection^ 
and dotted lines Indicate connection witli respect to data 
and demand at measurement control . 

In the following^ description will be made of each 
constituent of the measuring system shown in FIG- !• 
[Photoelectric conversion device] 

The photoelectric conversion device 102 which is 
subjected to the measurement of current -voltage 
characteristics thereof can include photovoltaic devices 
such as solar cells^ photodiodes and the liker photosensors^ 
electrophotographic photosensitive members^ and the like. 
Other than these, wet-type solar cells such as photochemical 
sensitization type solar c::ells can be illustrated. 

The photoelectric conversion function of these 
photoelectric conversion devices is exhibited mainly by a 
semiconductor junction they have. The semiconductor 
jxmction includes p-n jtinction^- p-x-n junction^ Schottky 
junction^ MIS type junction, or the like. 

Such semiconductor junction comprises a 
semiconductor material which is crystalline, 

polycrystalline, microcrystalline, or amorphous. As such 
semiconductor material, there can be mentioned materials 
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and compounds of elemen-ts belonging group XV of tihe 

perlo^c -table such as S±/ SIC, SlGe, Ge, and -the like; 

compounds of elemen-ts belonging to groups III and V of 
t:he periodic liable such as GbAs, AlGaAS/ XnP, XnSb, and tihe 
5 liKe; compounds of elemen-ts belonging to groups ri and VI of 
-the periodic table such as ZnSe^ ZnO^ CdS, CdTe, Cu2Sr and -the 
like/ compounds of elements belonging to groups X, 111 and 
VI such as CuInSea^ CuInS^, and the like; organic semiconductor 
materials; and miKed materials of the above-mentioned 

10 compounds and materials. 

Separately^ tbe photoelectric conversion device 
102 may be a photoelectric conversion member prepared by 
connecting a plurality of photoelectric conversion devices 
in series or parallel connection or a photoelectric 

15 conversion apparatus comprising said photoelectric 

conversion member accommodated in an environment—resistant 
vessel. 

Of the above-mentioned photoelectric conversion 
• devices, those in which thin, film semiconductors are 
20 used are tardy with respect to light responsibility^ that 
is^ they are large with respect to light responsive time 
constant. It is difficult to precisely measure their 
current-voltage characteristics by the conventional 

measuring method because their light responsive time 
2*5 . constant is liable to greatly differ from that of the 
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z-eference device and therefore, unacceptable errors are 
llalsle to occur in measured values of the cur rent -volt a gre 
characteristics. However, according to the measuring 
method of the present invention^ their current -voltage 
characteristics can precisely measured without such 
unacceptable errors in the measured values. 

The photoelectric conversion device which is 
subjected to the measurement by the measuring method of the 
present invention is desired to be one whose dependency of 
the current -voltage characteristics to the irradiance of 
irradiation light has been previously determined (this 
dependency will be hereinafter referred to as irradiance 
dependency) . In this case, the correction of the measured 
current— voltage characteristics with respect to the 
irradiance becomes to be more accurate. Particularly^ it is 
preferred that the series resistance con^onent Rs of the 
photoelectric conversion device has been previously 
determined or it can be estimated from a photoelectric 
conversion device which Is the same as the photoelectric 
conversion device in terms of the constitution. 

Further r the photoelectric conversion device which is 
subjected to the measurement by the measuring method of the 
present invention is desired to be one whose temperature 
coefficients with respect the current— voltage 

characteristics has been previously determined. In more 
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det;alXr it is desired that the temperature coefficient of 
the open circuit voltage, that of the short*- circuit 
current, and that of the fill factor have been previously 
determined. 

5 In the case where the tejoperature coefficient of the 

photoelectric conversion device itself is difficult to be 
measured, it is possible to use a representative value of 
the already detexmined temperature coefficients of 
photoelectric conversion devices which are the same as the 

10 photoelectric conversion device in terms of the constitution, 
When the photoelectric conversion device is 
subjected to the measurement by the measuring method of the 
present invention, it is preferred that the photoelectric 
conversion device is adjusted to have a temperature of 25 ± 

15 2 *C - In the case where it is difficult to adjust the 
photoelectric conversion device to have said temperature, it 
is necessary to obtain the characteristics at 25 "'C by 
performing the temperature correction using the foregoing 
temperature coef f icients- 

20 [Irradiation Light] 

The light used In the measuring method of the present 
invention may be the sunlight or light from an artificial 
light source » As 'the artificial light source, it is preferred 
to use a pseudo sunlight light source which will be described 

25 later. 
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The light whose Irradiance is varied with time in the 
present invention means Light that the time- variable rate 
of the irradiance within a prescribed time [AE (t) ] which is 
defined by the following equation (1) is beyond ± 1%. 

5 AE(t) ±(Emax - Emin) / (Emax + Emin) 3C 100 (1) 

Emax: a maximum value of the irradiance within the prescribed 
time 

Emin: a minimum value of the Irradiance within the prescribed 
time 

10 The prescribed time indicates a measurement time of 

all data/ including a time during which current- volt age 
characteristics are measuring and a time consumed in 
detecting the irradiance. 

Thus/ steady state light of a solar simulator that 

15 the tdLme-variable rate of the irradiance is less rhan ± 1% and 
the sunlight at the time of fine weather that the 
time-variable rate of ^he irradiance is less than ± 1% are 
not regarded as the light that the irradiance is varied with 
time . 

20 As specific examples of the light that the irradiance 

is varied with time, there can be mentioned pulsed light, 
the sunlight whose irradiance is not stabler and steady state 
light whose irradiance is not stcJ^le. 

Xt is desired that the irradiance of the irir'adiation 

25 light is measured preferably in a range of from 500 to 1500 



W/m? or more preferably in a range of from 800 to 1200 W/m^. 

Tlie closer to 1000 w/m^ tihe irradiance ±S/ the smaller 
the quantity of the correction with respect to the irradiance 
is, where the error by this correction becomes to be smaller* 
5 In the case where the sunlight is used as the 

irradiation lights when the weather is fine where the 
irradiance of the sunlight is stable, substantially no 
problem is entailed even by the conventional measuring 
method. The measuring method of the present invention is 
10 effective when the weather is cloudy where the irradiance is 
varied • 

[Pseudo Sunlight Source] 

In the case where the paeudo sunlight source is used, 
a conventional solar simulator is suitable. As the lamp of the 

15 light source in the solar simulator, a Xenon lamp and a metal 
halide lan^ can be desirably used. The lighting method may be 
continuous lighting (steady state light) or pulsated lighting 
(pulsed light) . 

The measuring method of the present invention is 

20 particularly desirably applied in the case where a solar 
simulator in which pulsed light is used is adopted, because 
in the case of using pulsed light, the variation per a Tinit 
time of the irradiance (a time— differentiated value of the 
irradiance) is large and the influence of the difference 

25 between the light responsive time constant of the 
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photoelectric conversion device and that of the reference 
device is large. 

The difference between the light responsive time 
constant of the photoelectric conversion device and that of 
the reference device becomes to be large also in the case 
where the foregoing time-variable rate of the irradiance 
[AE(t)] is large. Hence, the effectiveness of the measuring 
method of the present invention becomes to be significant in 
this case. 

As the pulse type solar simulator, any of the 
foregoing long pulse solar simulator and the foregoing short 
pulse solar simulator can be suitably used. 
rB.eference device] 

As the reference device, it is basically desired to 
use a photoelectric conversion device whose constitution is 
the same as that of the Inspective photoelectric conversion 
device which is subjected to the measurement by the 
measuring method of the present invention. However, it Is 
possible to use a photoelectric conversion device 
constituted by a material which is different from the 
constituent material of the inspective photoelectric 
conversion device, as the reference device. In that case, it 
Is desired for the photoelectric conversion device as the 
reference device to be adjusted by a filter or the like 
s-o as to have a spectral response which is similar to 
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that of the inspective photoelectric conversion device. 

By doin? In this •• way, when the irradiance of 
irradiation light is measured by using this photoelectric 
conversion device as the reference device, the error due to 
the spectrum of the irradiation light and the spectral 
response of the inspective photoelectric conversion device 
can be minimized. This makes the measured results of the 
current-voltage characteristics of the inspective 
photoelectric conversion device to b© desirably accurate. 

It is desired for the reference devibe to be 
previously treated so that the characteristics thereof are 
stable with time. Particularly, by stabilizing the reference 
device to be stable against light, heat, moisture and the 
like, the reliability of a calibrated value of the reference 
device in a standard test condition (STC) , which will be 
described below, is improved. This makes the measurement of 
the current-voltage characteristics of the photoelectric 
conversion device (the inspective photoelectric conversion 
device) to be precise. And this alao makes it possible to 
enlarge the time interval to remeasure the calibrated value 
in the standard test condition. 

The standard test condition herein generally means 
the standard which has been introduced in order to 
standardize the conditions to measure the current-voltaqe 
characteristics of photoelectric conversion devices, and 
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which s^±pula^es lihe tieis^ conditions of the In-tensl-ty and 
spectrum of ll^ht Irradiated^ the temperature of a 
photoelectric conversion device^ and the like. Specif loally^ 
in JIS C 8960, there is stipulated as follows: 
temperature of solar cell: 25 **C^ 

spectrum of light to- be irradiated: standard sunlight^ 

(The standard sunlight is of ideal simlight spectrum 
with AM (air mass) 1-5 which is stipulated in JIS C 
8911- ) 
and 

irradiance of light to be irradiated: 1000 W/m^» 

The reference device is desired to be one whose 
short— circuit current in the standard test condition have 
been measured in advance. 

The measurement of the short— circuit current in the 
standard test condition may be carried out in accordance 
with the method described in the specif ica-bion of IBC 
60904—2: photovoltaic devices part 2 requirements for 
reference solar cells or in the specification of lEC 
60904—6: photovoltaic devices part 6 requirements for 
reference solar modules. The value measured by the public 
agency in accordance with the prescribed specification is 
called ^^calibrated value". 

The short-circuit current of the reference device in 
the stan'dard test condition is desired to have been measured 
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as t;he calxbrated value by t:he public agency » 

Separately, it is possible to adopt such a manner 
that a plurality of reference devices of the same 
constitution are divided into two groups, that is, <a) 
5 primary working reference devices and (b) secondary 
working reference devices, the primary working reference 
devices (a) are calibrated by the public agency, and private 
sectors use the secondary working reference devices (b) by 
referring to the calibrated values of the primary working 

10 reference devices (a) * 

Now, as the reference device, it is preferred to use 
a reference device (a photoelectric conversion device) that 
the temperature coefficient with respect to the 
short-circuit current has been determined* In the case where 

15 it is difficult to measure the temperature coefficient of the 
reference device itself, it is possible to use the already 
known temperature coefficient of other photoelectric 
conversion device whose constitution is the same as that of 
the photoelectric conversion device as the reference device, 

20 In the case where a given photoelectric conversion 

device to be Inspected is subjected to the measurement by 
the measuring method using a proper reference device 
comprising a photoelectric conversion device corresponding 
to said inspective photoelectric conversion device, it is 

25 preferred that the reference device is adjusted to have a 
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temperature of 25 ± 2 ^C. When it is difficult to adjust the 
temperature of the reference device to fall in said range, it 
is necessary to obtain the short-circuit current at 25 by 
using the foregoing temperature coefficient and performing 
the temperature correction in accordance with the known 
temperature correction method described in the specification. 

Besides, the relationship between the spectral 
response of the reference device and that of the 
photoelectric conversion device is desired to be such that 
the mismatch coefficient Mn computed by the following equation 
(2) falls in a range of from. 0, 98 to 1,02. 
Mn- / Eo (A ) Qr (A ) d// Et (A ) Qr (A ) dA x 

/ Et{A )Qs(A )dA // Eo(A )Qs(A )dA (2) 

Where 

Eo(A ): spectral irradlance of reference sunlight 
Et (A ) : spectral irradlance of irradiation light 
Qr (A ) : spectral response of reference device 
Qs (A ) : spectral response of photoelectric conversion 
element 

In the case where the irradlance of the irradiation 
light is positionally uneven as in the case where the 
artificial light source, it is desired that the power 
generation portion area of the reference device is 
approx«nate to that of the photoelectric conversion device 
preferably in a range of less than ± 20%, more preferably in 



a range of less Chan ± 10%, or most preferably ±n a range of 
less t:lian ±5%- When the power generation portion area of 
the reference device and that of the photoelectric conversion 
device are approximate in this way, the error due to the 
5 positional unevenness of light irradiated is greatly 
dimini shed • 

In the case where the measurement is carried out by 
the sunlight whose irradiance is substantially free from 
positional unevenness or in' the case where the foregoing 

10 secondary working reference device (t>) is used for 
monitoring the irradiance of the irradiation light during 
the measurement of the current -voltage characteristics of the 
photoelectric conversion device, it is not necessary that the 
power generation portion area of the reference device is 

15 approximate to that of the photoelectric conversion device. 
However, in the case where the secondary working 
reference device (b) is used, it is preferred that the 
secondary working reference device is fixed to a 
prescribed position of the light irradiation area* 

20 Separately, when the spectral irradiance of the 
irradiation light or the positional unevenness of the 
spectrum is changed, the value transference from the 
primary working reference device (a) to the secondary 
working reference device (b> is necessary to be done over 

25 again « 
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[Irradiance Det:ect:ioii Circuit] 

Tlie irradiance detection circuit (104, see FIG, 1) is 
the most iTTiportant factor in the present invention. The 
irradiance detection circuit comprises the foregoing 
5 reference device (103, see FIG, 1), a means for changing the 
light responsive time constant and a current detection 
circuit. The irradiance detection circuit basically has a 
function to detect an irradiance based on a short-circuit 
current of the reference device. 

10 The current detection circuit may be designed by means 

of a known technique using a sh\mt resistor for detecting 
electric current, a voltmeter and the like. Here^ the current 
detection circuit is not engaged to measure cur rent- voltage 
characteristics of the reference device. Therefore, strictly, 

15 the current detection circuit is incapable of detecting a 
short-circuit current itself. However ^ as the current 
detection circuit is possible to detect an electric current 
which substantially corresponds to the short-circuit 
current^ no problem is entailed in view of the detection 

20 of the irradiance. In any case, it is desired that the 
electric current-detecting shunt resistor is made to have a 
resistance value Rdet so that the detected electric 
current value becomes to be greater than a value of 0.99 
time the short-circuit current Iref to steady state light- 

25 That is, when * the difference between said Iref and 
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said Idet xs made 'to be ^Iref / a forward bias volliage which 
Is applied to the reference device by the electric 
current --detecting shunt resistor is laade to be Vdet^ and a 
shunt resistance of the reference device itself is made to be 
5 Rrsh^ the following ec^uation (3) is established, 

Alref = Vdet/Rrsh = Rdet x Idet/Rcsh {3) 

When this equation (3) is deformed^ the following 
eqpiation (4) is obtained - 

Rdet/Rrsh Alref/ldet = Alref / (Iref -Alref) 

10 *T Alref/Iref ^0-01 (4> 

From this equation (4), it is understood that the 
resistance value Rdet is preferred to be less than 1% of the 
shunt resistance Rrsh. 

As the means to measure a voltage applied to the Rdet^ 
15 it Is possible to use a known voltage— measuring means such 
as a voltmeter or an Analog/Digital converting board (an 
A/D board) - Alternatively^ it is possible that the detected 
electric current Xdet is directly measured by a known electric 
current-measuring means. In that case, specifically, for 
20 instance, it is retjuired that the Rdet is made to satisfy 
the equation (4) by making the internal resistance for 
detecting an electric current in the electric 

current-measuring means to be a fixed value Rdet- 

Now, as described in the above, in the case where the 
25 irradiance of the irradiation light: is monitored during the 
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measuremexili of the current-voltage characteristics of the 
photoelectric conversion device, the foregoing secondary 
worJcing reference device (b) whose area is relatively small 
is used in many cases - Such reference device has a light 
responsive time constant which is smaller than that of the 
inspective photoelectric conversion device in many cases. 

Therefore, as the means for changing the light 
responsive time constant , a means capable of greatly changing 
the light responsive time constant is used in many cases. As 
such means capable of greatly changing the light responsive ' 
time constant, an integrating circuit capable of enlarging the 
time constant of an output waveform with respect to the input 
waveform is desirably used;. 

As most basic examples of such integrating circuit, 
there can be mentioned an RC integrating circuit in which a 
resistor R and a condenser C are used as shown in FIG. 2 and 
an RL integrating circuit in which an resistor R and an 
. inductor L are used as shown in FIG. 3. Bach of FIGs, 2 and 
3 Is a schematic enlarged view of a portion including the 
irradiance detection circuit 104 of FIG* 1. In each of FIGs. 
2 and 3, a portion encircled by a dotted line corresponds to 
the irradiance detection circuit 104 of FIG, 1- 

In FIGs, 2 and 3, reference numerals 101, 103, 104, 
and 108 indicate respectively irradiation light, a 
reference device, an irradiance detection circuit in which 
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the ref xence device 103 is used^ and a means for detecting 
an output of the Irradlance detection circuit 104, as we-11 as 
in FIG. 1. Besides, in FIG. 2, reference nimieral 201 
indicates a condenser and reference numeral 202 a resistor, 
5 Similarly, in FX6, 3 , reference numeral 301 indicates an inductor 
and reference numeral 302 a resistor. In these integrating 
circuits shown in FIGs- 2 and 3, for the resistor R (202^ 302) 
which is connected with the reference device (103) in parallel 
connection f at least part thereof may be made so as to serve 

10 also as the above— described electric current— detecting 
shunt resistor Rdet. 

Xn any case, it is considered that the input into 
the integrating circuit is an electric current outputted from 
the reference device (103), Here the resistor H (202, 302) 

15 may comprise a plurality of resistors connected with each other 
in series connection. Separately/ it is possJ.l:>le that a 
plurality of basic circuit constitutions which are similar 
to the above basic circuit constitutions shown in FJGs, 2 and 
3 are combined to establish a complicated integrating circuit, 

20 Besides, it is possible that- the basic circuit devices, the 
resistor R,^ the condenser and the inductor in the above 
integrating circuit are equivaleatly realized depending on 
semiconductor devices or circuits in which semiconduct ox- 
devices are used. Furthejc, it is possible to amplify the 

25 output using various amplifiers.' 



As the device to realize the condenser of the RC 
Integrating circuit, it is possible to use an ordinary 
photoelectric conversion device having a semi conduct ox- 
junction^ where the photoelectric conversion device has an 
electrostatic capacity and it can function as a condenser. In 
this case, the photoelectric conversion device which functions 
as the condenser is connected with the reference device in 
parallel connection. In addition, it is necessary to taHe a 
measure to prevent the irradiation light from iropinging in 
the photoelectric conversion device as the condenser so that 
the photocurrent is not influenced to the short-circuit current 
of the reference device. 

In any case^ due care should he make so that the 
addition of the above integrating circuit does not greatly 
hinder the linearity of the correlation of the output P of 
the irradiance detection circuit to the irradiance E of the 
irradiation light. As long as the sensitivity of the variation 
of the output P to the variation of the irradiation light is 
not decreased, somewhat deviation from the linearity is 
allowable. It is desired that at least the irradiance E is 
. in a range of from 800 to 1200 W/m2 and the linearity of the 
output E to the irradiance E is maintained to an extent 
which is not problematic in the correction with respect to the 
irradiance - 

It is desired that the output of the irradiance 
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detection circuit is outputted in a voltage. Therefore, as 
the detection means to detect the output of the irradiance 
detection circuit, it is possible a known voltage detection 
means which will be described later - 

In the following, description will be made of the 
adjustment of the light responsive time constant of the 
irradiance detection circuit by the integrating circuit. 

For instance, when the light responsive time constant 
is made to be rref , the light responsive time constant xdet 
of the irradiance detection circuit in the case where the 
foregoing simple RC integrating circuit is used can be 
approximately eatpressed by the following equation (5) . 

Tdet ^ Tref + rc (5) 

Here, when the light responsive time constant of the 
inspective photoelectric conversion device is made to be xsam, 
it is sufficient that the resistance value R and the capacity 
of the condenser C of the RC integrating circuit are decided 
so as to satisfy fhe following equation (6) , 

xref RC » TSam (6) 

In the case of the single RI. integrating circuit, the 
above equation (5) and the above equation (6) approximately 
become to be respectively such expressed by the following 
equation (7) and such expressed by the following equation (8) . 

xdet = xref + L/R (7) 

xref + L/R = xsam — - (S)- 
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In the case of the complicated integrating circuit, 
it cannot be expressed by $uch simple equations as above 
described. But basically the concept is the same as in the 
above r therefore, it is possible to design so that the light 
5 responsive time constant of the irradiance detection circuit 
comes closer to that of the photoelectric conversion device. 
Here^ the light responsive time constant xref of the reference 
device and the light responsive time constant Tsam of the 
photoelectric conversion device are corresponding to the 

10 time constants of the photoelectric conversion of the 
semiconductor junction, specifically they means time 
constants from the step where photocarriers are generated 
by the light impinged in the semiconductor junction until the 
step where said photocarriers are diffused to the opposite 

15 poles, followed by being output ted from the two poles as electric 
current* In this way, the time constants of the photoelectric 
conversion of the semiconductor junction coit^rise a plurality 
of steps r which are therefore difficult to be expressed by a 
simple equation. 

20 However, for instance r in the case of semiconductor 

materials comprising the same element or compound, when a 
semiconductor junction formed by amorphous semiconductors 
comprising said semiconductor materials is compared with a 
semiconductor junction formed by single crystal 

25 semiconductors comprising said semiconductor materials, it 
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Is considered that tlie pho-tocarrier mobility \x or /and the 
lifetime t of the former are smaller than those of the latterr 
and therefore^ the light responsive time constant of the former 
is lager. 

5 Now, in practice^ the values of the ahove and 

I- will be sometimes difficult to designed merely by the 
computation^ particularly for instance, as in the case where 
the foregoing xref and Tsam are difficult to. be obtained 
merely by the computation. 

10 In such a case^ proper values of the R/ C, L and the 

lilce can be obtained by an experimental manner as will be 
described below. 

That is, an output of the irradiance detection circuit 
in which the reference device is used and an output of the 

15 inspective photoelectric conversion device are measured by 
an oscilloscope having a plurality of channels^ where they 
are indicated at the same time. Here, as the output of the 
photoelectric conversion device^ it is desired to use a 
voltage value obtained ' by converting the short-circuit 

20 current of the photoelectric conversion device into a voltage 
value by means of a shunt resistor selected in the same 
manner as in the foregoing case of the reference device. 
Thenr light whose intensity will be varied with time, 
specifically for example, pulsed light is Irradiated to the 

25 reference device and the photoelectric conversion device. 
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and an output wavefoim of the reference device and that of 
the photoelectric conversion device are compared by the 
oscilloscope. Successively the two output: waveforms are 
normalized separately by the value lo at the time when the 
5 irradiance E is a certain value (for example, 1000 W/m^) and 
the resultants are indicated as shown in FIG. 4, 

In FIG. 4f reference numeral 401 shows a normalized 
output waveform of the inspective photoelectric conversion 
device, and reference numeral 402 shows a normalized output 

10 waveform of the irradiance detection circuit in which the 
reference device is used. 

Finally, by altering the values of the R, C, 1- and the 
like of the irradiance detection circuit to adjust the light 
responsive time constant of the irradiance detection circuit, 

15 whereby the wavefoinn 402 is adjusted such that it is moved 
in a direction indicated by a void arrow mark to 

substantially overlap on the waveform 401 as shown in FIG. 
4, In this way, the light responsive time constant of the 
irradiance detection circuit can be experimentally adjusted 

20 without computing the value of the light responsive time 
constant . 

Further, it is desired to make ■ such that the light 
responsive time constant of the irradiance detection circuit 
comes closer to the irradiance detection circuit: of the 
25 photoelectric conversion device, by way of designing or 
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'tlurougli experixnents . That: ±Sf i.'t xs desifed t:o make -the 
light; responsive t:lroe consliaxit of t:he Irradxance detiectilon 
cljrcult: come closer t:o t:hat: of the phot-oelectric conversion 
device r such tzhat: 1:he difference [for example, AI (1:) in 
5 FIG. 4] bet^ween t:he normalized short-circuit: current, value 
by the irradiance detection circuit in which the reference 
device is used and the normalized shoxrt-circuit current 
value of the photoelectric conversion device^ which are 
measured at any timing during the time when the measurement 

10 of the current-voltage characteristics of the photoelectric 
conversion device is performing (for exeunple, the duration from 
Tl until T2 in FIG. 4)^ to fall within a range of ± 3%. 

By doing in this way, the effective irradiance can be 
precisely measured at a variation within ± 3%, As a result, 

15 the correction of the measured current— voltage 

characteristics of the photoelectric conversion device with 
respect to the irradiance is performed at a precision 
with a variation within ± 3%, and by this correction, the 
accuracy of the measured current-voltage characteristics 

20 is improved. 

The variation of the above— described measured 
effective irradiance can be regarded as having a temporal 
instability {± 3%) which is equivalent to that by a solar 
simulator in Class B in the specification of JTS C 8912 for 

25 solar simulators for use in measuring crystal series solar 
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cells . 

Novr, for the above-de3or±]:>ed AI(t.) r as shown in FIG- 
4r when" an integration time required for measuring pair of 
I-V data • is made to be Atr said AI (t) indicates a 
5 difference between an integrated value of the waveform 401 
and that of the waveform 402 during the ti-me At. It is 
preferred that the output of the irradiance detection circuit 
is also measured with the same integration time, Here^ the 
measurement of each of the waveform. 401 and the waveform 402 

10 is -necessary to be performed at a time resolution which is 
.smaller than the At. 

More preferably r it is desired to make the light 
responsive time constant of the irradiance detection circuit 
come closer to that of the photoelectric conversion device, 

15 such that the foregoing difference AI(t) of the normalized 
short-circuit current values to fall within- a range of ± 1%. 
By doing in this way, the effective irradiance can be 
precisely measured at a variation within ± !%• This can be 
regarded as having a temporal instability (± 1%) which is 

20 equivalent to- that by a solar simulator in Class A in. the 
specification of JIS C 8912 for solar simulators for use in 
measuring crystal series solar cells - 

In the present invention^ it is preferred that "the 
light responsive time constant of the irradiance detection 

25 circuit is made to be continuously variable* To make the 
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light: responsive t:ime constzanr o£ the IrracLLance detection 
circuit to l3e continuously variable may be perfonaed, for 
instance / by using a variable capacity condenser as the 
foregoing condenser, a variable resistance as the foregoing 
5 resistance, or a variable inductor as the foregoing inductor- 
Separately, in the case where it is difficult to 
make the light responsive time constant of the Irradlance 
detection circuit to be continuously variable due to a 
•factor of the limited adjustable range of the light responsive 
10 time Constant or the like, it is possible to make the 
light responsive time constant capable of being discretely 
. changed by connecting a plurality of integrating circuits 
having a different time constant and switching them by means 
of a relay* 

15 In the present invention, in the case where the 

reference device is calibrated, it is preferred that the 
output from the irradlance detection circuit is calibrated* 
In that case, it is preferred to use a steady state solar 
simulator. 

20 Separately, in the case where the foregoing 

secondary working reference device Xb) is used without 
calibrating the secondary working reference device, the 
calibrated value of the foregoing primary worlcing reference 
device (a) is transferred for practical use, after the 

25 light responsive time constant of the irradlance detection 
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circuit is made come closer to that of the inspectlv^e 
photoelectric conversion device in accordance with the 
previously described method^ the primary working reference 
device is arranged at the same position on the light 
irradiation face (where said inspective photoelectric 
conversion device is arranged) to which light is irradiated 
by the solar simulator used in the measurement, and an output 
value of the irradiance detection circuit including the 
secondary working reference device when the primary 
Working reference device reproduces the calibrated value is 
recorded. 

[Measuring Means of Cxirrent-Voltage Characteristics] 

The measuring means for measurdLng current— voltage 
characteristics of the inspective photoelectric conversion 
device comprises a voltage detection means and a current 
detection means. As the voltage detection means and the 
current detection means, it is possible to use conventional 
means such as a means comprising a digital-multiple meter 
combined with a resistor, a means comprising a 
analog-digital conversion board (A/D board) combined with a 
resistor, and the like, 
[Voltage Variable Means] 

As the voltage variable means for varying the voltage 
of the inspective photoelectric conversion device, it is 
possible to use conventional means such as a bipolar power 
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source/ electric load, dxschargxng o£ charge s-bored ±n a 
condenser, and -the Ixke. 

In order -to obtain measured cur rent -volt age 
characreristlcs of the inspective photoelectric conversion 
5 device in the case where the voltage or the electric 
current is varied while being controlled, it is necessary to 
sweep the voltage or the electric current. The sweeping loay 
be performed in a continuously changing manner or a stepwise 
changing manner- However^ with consideration of the time 

10 constant to the charge— and— discharge of the Inspect ive 
photoelectric conversion device^ it is preferred to adopt a 
xoanner in that the measurement of the I-V data is performed 
at a measurement interval which is sufficiently longer than 
the time constant of the charge-and-discharge. This is 

15 important particularly in the case where a photoelectric 
conversion device having a large electrostatic capacity is 
subjected to the measurement of current— voltage 
characteristics thereof • 

[Measurement Controlling/Data Processing Means] 
20 As the means to control the foregoing measuring 

instruments and the means to process the measured data^ i^ is 
desired that a measuring instrument such as a personal 
con^uter and a data-processing means capable of exchanging 
data are used. It is preferred that said data— processing 
25 means has a function capable of controlling the measuring 
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Instrumentis and inore preferably, it has also a fimctiion 
capable of conduct programing ttie control of the measuring 
Inatroments . 

Further, it la desired to make such that the light 
5 responsive time constant can be controlled using such 
measurement controlling/data processing means. 

Further in addition,' it is desired to make such that 
the measured data of the current-voltage characteristics of 
the photoelectric conversion device can be corrected with 

10 respect to the ir radiance by the detected irradiance and said 
data can be aliso corrected with respect to the temperature « 
Known mathematical expressions can be adopted for the 
correction with respect to the irradiance and for the 
correction with respect to the temperature. 

15 Separately r in the present invention, by 

incorporating the above-described measuring method for 
measuring current-voltage characteristics of a 

photoelectric conversion device in part of the production 
process of a photoelectric conversion device^ variations in 

20 the characteristics of photoelectric conversion devices 
produced are refrained to improve the stability of the 
products in terms of the quality - 

Specifically, for instance, in the production 
process of a solar cell module as an example of a photovoltaic 

25 apparatus which is disclosed in Japanese I«aid-open Patent 
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Publication No. 2002-252362, as the step o£ measuring 
cux-rent- volt age characteristics of each of unit devices 
(that iSr so-called solar cells) prior to connecting them 
in series connection or parallel connection before the 
5 resln-*$eallng step^ the measuring method for measuring 
current-voltage characteristics of a photoelectric 
conversion device (including a photovoltaic device) of the 
present invention can be incorporated. 

By incorporating the. measuring method of the 

10 present Invention in this way, at the intermediary stage 
prior to the completion of the production of a photoelectric 
conversion device (a photovoltaic device) , the 

characteristics of a device in process can be grasped* 
Thus, defectives can be sorted at early stage in the 

15 production process, and only non-defectives sorted can be 
sx3b:]ected to the steps thereafter- This enables to curtail 
the expenses and the materials consumed for the defectives » 
This leads to diminishing the production cost of a 
photoelectric conversion device (a photovoltaic device) - 

20 Further, because the current— voltage characteristics 

of a photoelectric conversion device (a photovoltaic element) 
which cannot be alurays precisely measured mainly due to a 
influence by the light responsive time constant can be always 
and more precisely measured. This enables to refrain a 

25 variation in the production yield of a photoelectric 
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conversion device (a photovoltaic device) due to errors in 
..the measurement and stabilize the yield* In addition, the 
accurate measurement of the current-voltage characteristics 
by the measuring method of the present invention leads to 
5 refraining a variation among photoelectric conversion 
devices (photovoltaic devices) produced with respect to 
their characteristics and improving the stability of the 
products in terms of the c[uality* Further, if necessary, it 
is possible to properly adjust the conditions to produce a 

10 photoelectric conversion device based on the measured 
values. This leads to more improving the yield. Particularly, 
• for instance, even when abnormality is occuriced in the 
characteristics of a photoelectric conversion device (a 
photovoltaic device) duaring the production process thereof 

15 due to a certain cause (for instance^ shortage of the high 
frequency power in the plasma CVD process) , as the measuring 
method for measuring the current— voltage characteristic of 
the photoelectric conveirsion device of the pr-esent invention 
is incorporated in the intermediary step, the abnormality 

20 can be detected at once and a proper measure to comply with 
the incident can be promptly taken* This enables to decrease 
the amount of defectivenesses produced during the time of 
dealing with the incident - 

Separately, for instance in the production process of 

25 a solar cell module, as the final inspection step of measuring 
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th© current-voltage characteristics of a completed solar ce.ll 
module, the measuring method for measuring current-voltage 
characteristics of a photoelectric conversion device of the 
pr-esent invention can he incorporated. 
5 By incorporating the measuring method of the present 

invention as the final inspection step in the production 
process of sl photoelectric conversion device (including a 
photovoltaic device) , the current-voltage characteristics of 
the photoelectric conversion device can he more precisely 

10 measured. This enables to refrain a variation in the yield 
and stabilize the yield- 2Uid for photoelectric conversion 
devices (the photovoltaic devices) to be shipped, their 
stability in terms of the quality can be ixr^roved. 

Further, by incorporating the measuring method for 

15 measuring cur rent- volt age characteristics of a photoelectric 
conversion device (including a photovoltaic device) of the 
present invention as the inspection step in the intermediary 
stage and also as the inspection step in the final stage in 
the production process of a photoelectric conversion device 

20 (including a photovoltaic device) , in addition to the 
above-^described advantages, the analysis of the influence 
that the respective production steps exert to the 
characteristics of the photoelectric conversion device or to 
the production* yield can be easily conducted- This 

25 enables to more improve the production yield and to 
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improve the quality of the photoelectric conversion devices 
to be shipped. 

In. the following r the present invention will be 
described in more detail with reference to examples which will 
5 be described below. However, it should be understood that 
these examples are only for the illustrative purposes and are 
not intended to restrict the scope of the present invention 
to these examples. 

Example 1 

10 This exanyple describes an embodiment in that in 

accordance with the measuring method of the present 
invention using the measuring system shown in FIG, 1, a 
photoelectric conversion device to be inspected (hereinafter 
referred to as '^'^inspective photoelectric conversion device^) 

15 is measured with respect to current -voltage * 

characteristics thereof * 

In the following, the measuring pjtocedures to 
measure the inspective photoelectric conversion device will 
be detailed chiefly with reference to FlGs. 1, 2 and S. 

20 AS the inspective photoelectric conversion device 

102, there is used a triple a-Si/a-SiGe/a-SiGe type 
solar cell module having an aperture area of about 120 cro 
X 35 cm and an outer shape of about 140 cm x 42 cm, prepared 
by providing five triple a-Si/a-SiGe/a-SxGe type solar cells 

2S comprising a top cell having a p-i— n junction in which an 
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amorphous silicon {a-Si) is used as an i-type semiconductor 
layer, a middle cell having a p-i-n junction in which an 
amorphous silicon-germaniiim (a-SiGe) is used as an i-type 
semiconductor layer, and a bottom cell having a p-i-n 
junction in which an amorphous silicon-germaniiam (a-SiGe) is 
used as an i-type semiconductor layer which are stacked in 
this order on a stainless steel substrate, connecting said 
five triple type solar cells each other in series 
connection on a support member while inserting a by-pass 
diode therein/ and sealing the serialized' body of the five 
solar cells by forming a surface protective layer thereon^ 

As the irradiation light, there is' used pulsed light 
by a long pulse solar simulator having an effective 
irradiation area of 150 cm x 100 cm. FIG- 5 shows a 
time-varying irradiance waveform of the pulsed light by 
said long pulse solar simulator. 

Description will be made with reference to FIG. 
5, The time during which the measurement of current-voltage 
characteristics of the photoelectric conversion device 102 is 
performed between the time Tl and the time T2 is about 200 
msec, and the average irradiance during this measurement is 
1000 W/m^- However, as shown in FIG. 5, the irradiance during 
the time between the time Tl and the time T2 when the 
measurement of the current-voltage characteristics is being 
performed is not stable but is being varied. 
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The reference devi.ce 103 is required to liave 
characteristics which are stable over a long period of 
time- In view of this^ without using a triple type solar 
cell whose constitution is the same as that of the 
5 triple type solar cell of the afciove triple type solar cell 
module, a crystal silicon solar cell provided with an 
optical filter on the li^ht incident side and which has a 
spectral response approximate to that of aforesaid triple 
type solar cell (this crystal silicon solar cel.1 will be 

10 hereinafter referred to as reference cell'') is used. The 
reference cell is packed by a known package comprising an 
aluminum block having a surface treated with black alumite 
(this package is described in, for example, OriS C 8911) . 
In order to make it possible to adjust the temperature of 

15 the reference cell to fall in a range o£ 25 ± 2 ''C, a Peltier 
element was fixed to the outer side of the package* The device 
prepared in this way is used as the reference device 103- 
As the ir radiance detection circuit 104^ there is 
used an RC integrating circuit shown in FIG- 2. The series 

20 resistor R in the RC integrating circuit shown in FIG. 2 is 
designed so that part thereof can be used as a shunt 
resistor to convert the short-circuit current of the 
reference cell into a voltage. 

Aa each of the voltage detection means 105, the 

25 current detection means 106, and the output (voltage) 
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debedii-on means 108, a high speed A/D boaxrd ±s used. As the 
measurement; cont;rol/dB.t:a processing means 109, a personal 
comput:er Is used. 

Data acquired by each of the high speed A/D hoards 
as the voltage detection means 105 , the current detection 
means 106, and the output detection means 108 is Introduced 
into the personal computer as the measurement control/data 
processing means 109^ where the data is processed. Here, the 
Integration time in the measurement of the detected 
voltage and the detected electric current Is made to be 
0,1 msec. This means that the measuring time consumed to 
measure each I-V data of the current— voltage characteristics 
of the triple type solar cell module as the Inspective 
photoelectric conversion device 102 at every measuring 
point and the measuring time of the Irradiance (the 
foregoing At) are respectively 0*1 msec. 

As the voltage variable means 10 7, a programable 
bipolar power source is used* By means of the programable 
bipolar power source as the voltage variable means 107, the 
voltage applied to the triple type solar cell module as the 
Inspectlve photoelectric conversion de'vice 102 is swept 
from the Isc side (where V < 0, X > 0) toward the Voc side 
(where V>0, r<0). At this time^ after the voltage values 
for the sweeping set up in accordance with the open— circuit 
voltage (Voc) of the triple type solar cell module are 
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memorized Izi t:he memory of t:he bipolar power source as t:he voltiage 
variable means 107 by r.h.e personal cornput:err t:he applied 
voltage I9 st^epwlse varied at; 128 poin'bs » 

Here, accoun'tlng for ^hal: the "triple type solar cell 
5 module as the inspectlve photoelectric conversion device 102 
has a relatively large elctrostatic capacity and the time 
constant of the charge-and~didcharge thereof is large, the 
time interval to vary the voltage is made to be 1-5 msec, and 
after the delay time of 1 msec after the set voltage by the 

10 bipolar power source is varied, the acquisition of each I-V 
data of the triple type solar cell is started. 

Firsts in order to make the light responsive time 
constant of the irradiance detection circuit 104 come closer 
to that of the triple type solar cell module as the 

15 photoelectric conversion device 102, the time constant of the 
RC integrating circuit is ad^justed in the same manner as 
previously described. 

Specifically, while irradiating the pulsed light of 
the long pulse solar simulator to the irradiance detection 

20 circuit 104 and the triple type solar cell module, a change 
i_n the short-circuit current value of each of the irradiance 
detection circuit and the triple type solar cell module is 
monitored by the oscilloscope. 

By adjusting mainly the capacitance C of the 

25 • condenser 201 of the RC integrating circuit (see, FIG. 2) in 
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accordance with the previously described procedures with 
reference to FIG. 4^ during the measurement of the 
current -vo It acfe characteristics of the triple type solar cell 
module r the light responsive time constant of the irradiance 
5 detection circuit X04 can be made to come closer to that of 
the triple type solar cell module so that a difference £iX(t) 
between a normalized value of said short-circuit current 
value of the irradiance detection circuit and a normalized 
value of said short-circuit current value of the triple type 

10 solar cell to fall within a range of ± 1% of the reference 
short-circuit current value do) • At this time, as previously 
descr'ibed/ ad the integration time for the acquisition of each 
I— V data by the A/D board is 0*1 msec, the At in FIG- 4 is also 
made to be 0.1 msec. 

15 Now, after the light responsive time constant has 

been once adjusted as above described, when another triple 
type solar cell module which is of the same type as the 
above— described triple type solar cell module is used as the 
inspective photoelectric conversion device 102^ the AI (t) in 

20 that case can be also made to be of an accuracy within a range 
of ± 1%. 

Now, after the time constant of the RC integrating 
circuit was adjusted as above described, the irradiance 
detection circuit was set to the long pulse solar sitmilator, 
25 Then, in accordance with the below-described procedures r the 
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coxrectilon of t:h.e Ir radiance detect ion circuit In wl&lch tlie 
reference device Is used . performed. As the Inspect Ive 
photoelectric conversion device, the foregoing triple type 
solar cell module was used. Another triple type solar cell 
5 module whose constitution and size are the same as those 
of the Inspective triple type solar cell module was 
provided. This triple type solar cell module was 
stabilised by subjecting to degradation with light and the 
triple type solar cell module thus stabilized was made to 

10 be a primary working reference device. 

Here, irradiation light of the long pulse solar 
simulator is accompanied by positional unevenness In the 
Irradlance or the spectrum. Because of this, it Is Important 
that the prlmazry working reference device Is the same as the 

15 Inspective photoelectric conversion device with respect to 
the constitution and the size^ Therefore, aforesaid triple 
"type solar cell module was used* 

Then, the triple type solar cell module as the 
primary working reference device was taken to the public 

20 agency, where a measured value of the short-circuit current 
thereof was obtained, 

(At the time when the measurement was carried 
out by the public agency, no JXS specification for stacked 
type solar cells was present. Therefore, the measured value 

25 obtained by the public agency is not called a ^^calibrated' 
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Thereafter,, the primary working reference device was 
set at the position of the long pulse solar simulator, which 
is the same as the position where the inspective triple type 
solar cell module is to be set. Then, the pulsed light 
was irradiated to measure a short-circuit current value 
of the primary working reference device, where the output 
voltage of the irradiance detection circuit when the measured 
short-circuit current value indicated the short-circuit 
current value measured by the public agency was recorded to 
replace the forroer recorded value, whereby the irradiance 
detection circuit in which the foregoing reference cell is 
used was calibrated as a secondary working . reference device. 
At this time, the environmental temperature was adjusted so 
that the ten^erature of the primary working reference 
device became 25 ± 1 Such calibration is not necessary to 
be repeated as long as the positional unevenness of the 
irradiance or the spectrum of the long pulse simulator is not 
changed, where the irradiance detection circuit can be used« 

Next, the triple type solar cell module as the primary 
working reference device was removed, and the inspective 
triple type solar cell module was set at the same position, 
where while monitoring the irradiance of the pulsed light of 
the long pulse solar simulator by the irradiance detection 
circuit, the measurement of current -voltage characteristics 
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of -the inspective triple type solar cell module was cazried 
out* To be more specif iC/ after., the voltage applied 
thereto was stepwise varied as previously described and a 
delay time of 1 msec was established^ the irradiance and I-V 
5 data of the solar cell module were acquired by the A/D board 
at an integration time of 0.1 zosec, where the acquired I-V 
data for the 128 points from ' the Isc side towarrd the Voc side 
were taken in the personal computer. At this time, by a 
thermocouple comprising a ' sheet type copper constantan 

10 fisced to the back face of the triple type solar cell 
module^ the temperature of the solar cell module during the 
measurement of the I-V data thereof was measured. 

By the irradiance with which the I-V data for the 128 
points were concurrently measured, the irradiance correction 

15 was carried out for the I-V data at every point- As the 
correction expression fox the irradiance correction^ the 
conventional correction expression described in Item 6*2 of 
JiS C 8913 (measuring method of output of crystal series solar 
cell) m Here, because the irradiance correction was not the 

20 correction from data measured with two irradiance levels 
but the correction only from the data measured with one 
irradiance level, the correction expression of crystal 
series solar cell was used. Separately, the value of the series 
resistance Rs of the solar cell taodule was obtained by 

25 estimating from the gradient of a tangent of the I-V data in 
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the v±cin±t:y of the Voc. 

Then, the corrected I-V data for the 128 points were 
subjected to tesnperatuzre correction lay the measured values of 
the temperature o^ the solar cell module during the 
5 measurement of the X-V data thereof p Xn the temperature 
correction, the conventional correction expression 
described in Item 6.2 of JIS C 8934 (measuring method of 
output of amorphous solar cell) - 

The data obtained by the irradiance correction and 

10 the temperature correction in the above were processed by the 
personal computer. As a result, there were obtained 
current -voltage characteristics (I-V curve) after the 
correction of the inspective triple type solar cell module 
as the final result « 

15 Xn order to examine the accuracy of the resultant 

current— voltage characteristics, the inspective triple type 
solar cell module was measured with respect to the 
current -voltage characteristics thereof under the sunlight 
outdoors- At this time, the triple type solar cell module was 

20 installed on a frame bed capable of tracking the sun, and the 
foregoing reference cell of the crystal silicon solar cell was 
also installed on said frame bed^ where the irradiance of the 
sunlight was measured* And the spectrum of the sunlight upon 
the measur^aent of the Irradiance was also measured. The 

25 measurement of the current— voltage characteristics under 
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s-bable solar irradiation conditions that the weather is fine, 
the irradiance is in a range of from 800 to 1200 W/m^^ and the 
air mass (AM) is 1.5 ± 0.1 and under condition that the 
sunlight spectrum measured is approximate to the standard 
5 solar radiation. Thus, the measurement of the current-voltage 
characteristics was carried out under the ideal condition 
which is approximate to the standard sunlight spectrum and is 
free of the influence by a variation in the irradiance. 

Separately, for the reference cell, the irradiance 
10 thereof was computed by comparing with the short-circuit 
current value measured by the public agency us ing the steady 
state light solar simulator, as the calibrated value. 

Further, as well as in the case of the foregoing pulsed 
lights the temperature of the solar cell module during the 
IS measuretnent of the .current-voltage characteristics was 
measured. In addition, in order to prevent the temperature of 
the solar cell module from rising by the sunlight , the 
sunlight was shielded until the time when the measurement was 
started, and immediately before the commencement of the 
20 measurement, the sunlight was started radiating to the solar 
cell module. The reference cell was controlled to have a 
temperature of 25 ± 2 Further, as well as in the case of 

the foregoing pulsed light, the irradiance correction and the 
temperature correction were performed for the measured I-V 
25 data to obtain a I-V- curve after the correction. 
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The I-V curve (intdoor) after the correction^ 
obtained hy using the pulsed light solar simulator in the above 
and the corrected I-V curve (outdoor) after the correction 
by using the sunlight are collectively shown in FIG. 6. In 
5 FIG* Sr the solid line curve indicates the I-V cux-ve of the 
indoor irteasurement and the dotted line curve indicates the I-V 
curve of the outdoor measurement. 

For the output characteristics [Voc (open^circuit 
voltage)/ Isc (short-circuit current) r FF (fill factor), and 
10 Pmax value] computed from the I.-V curve after the correction^ 
those by the pulse light solar simulator are shown in Table 
1 as the indoor values^ and those by the sunlight are also shown 
in Table 1 as the outdoor values* 

Separately, for each characteristic value r a value 
15 of the indoor value/the outdoor value was calculated by setting 
the outdoor value at 1, The results obtained are also shown 
in Table 1« 
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Table 1 





Voc 


Isc 


FF 


Pmax 


Indooir 
value 


10.12 V 


5.53 A 


0. 665 


37-2 W 


outdoor 
value 


X0*08 V 


5.54 A 


0. 662 


37.0 W 


indoor / 
outdoor 


1*004 


0-998 


1-005 


1.005 



As FIG- 6 and Table 1 illustrate^ it is understood 



that the I-V curve after the correction r measured by the 
pulsed light solar simulator and in accordance with the 
5 measuring method of the present invention well agrees with 
the I-V curve after the correction, measured by the 
sunlight outdoors « And as* the results shown in Table 1 
illustrate, it is understood that the output characteristics 
confuted from the I-V curve after the correction, measured by 

10 the pulsed light solar simulator well agree with those 
computed from the measured data by the sunlights 

Further, the I-V curve after the correction, measured 
by the pulsed light solar simulator is in a smooth curve form., 
A portion of the I-V curve in the vicinity of the Isc which 

15 was considered to be capable of being approximated by a 
straight line was linearly approximated by the least square 
method, and a standard deviation of deviations from the 
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regression line of every point: of the l-V curve at said portion 
was concputecl. As a result. It was 0.15% in a relative..value^ 
Tills result Indicates that the effective pulsed light 
Irradlance for the triple type solar cell module was 
5 suitably detected by the irradlance detection circuit in 
which the reference is used and which is a principal feature 
of the present Invent ion - 

As apparent from the above description/ the 
current-voltage characteristics of the triple type solar cell 
10 module could be accurately measured - 

Comparative Example 1 
In Example 1, without using the irradlance detection 
circuit in which the reference cell is used, the triple type 
solar cell module was measured by the conventional measuring 
15 method wherein the irradlance of the pulsed light solar 
simulator is directly detected by way of converting the 
short— circuit current of the reference cell into a voltage by 
means of the shunt resistor. Except for not using the 
Irradlance detection circuity the measurement was carried out 
20 in the same manner as in Exan^le 1. 

The I-V cuirve after the correction obtained in this 
comparative example is shown in FIG. 7- 

From the resultant l-V curve after the correction^ the 
output characteristics were computed as well as in Example 1^ 
25 and the resultant output characteristics are collectively 
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shown in Table 2. The outdoor values shown in Table 2 are the 
same as those in Kxample 1. 

Table 2 





Voc 


Xsc 


FF 


PxnoLX 


indoor 
value 


10,13 V 


5.42 A 


0. 658 


36.1 W 


* outdoor 
value 


10-08 V 


5.54 A 


0.662 


37-0 W 


indoor / 
outdoor 


1-005 


0.978 


0.994 


0.976 



As well as in Example 1^ a portion of the I-V curve 



5 in the vicinity o£ the Xsc which was considered to be capable 
of being approximated by a straight line was linearly 
approximated by the least square method ^ and a standard 
deviation of deviations from the regression line of every 
point of the I-V curve at said portion was computed. As a 

10 result, it was 1.2% in a. relative value. 

From the above results, it is understood that the I— V 
curve after the correction, measured by the pulsed light solar 
simulator in accordance with the conventional measuring 
method is accompanied by roughness as apparent from FIG* 7 

15 and the above standard deviation. And as apparent from Table 
2, it is understood that the output characteristics con^juted 
from the 1-V curve after the correction distinguishably 
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differ from th^ outcioor values at the maximxim deviation of 
2^4%- 

In order to compare the light responsibility of the 
triple type solar cell module with that of the reference cell 
5 including the shunt resistor, evaluation was performed Isy 
monitoring a variation in the short-circuit current by the 
oscilloscope while irradiating the pulsed light of the long 
pulse solar simulator- As a result, the foregoing AI (t) of 
the normalized short-circuit current values during the 

10 measurement of the current-voltage characteristics was 3,6% 
at the maximum versus the foregoing reference short— circuit 
current value Xq. 

For the causes why the I-V curve after the correction 
was accompanied by such roughness and the indoor values after 

15 the correction distinguishably differs, it is considered 
such that the light responsibility of the reference cell 
distinguishably differed from that of triple type solar cell 
module and because of this, the detection of the effective 
irradiance could not be well performed* 

20 Example 2 

As well as in Example 1, the measurement of a 
triple type solar cell module which is the same as the triple 
type solar cell module used in Example 1 was carried out using 
the measuring system shown in FIG. 1, except that the RL 

25 integrating circuit shown in FIG- 3 was used instead of the 
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RC Inliegrating circuit used as the irradiance detection circuit 
in which the ref^erence cell is used in Example 1. 

In this example/ in order to make the light 
responsive time constant of the irradiance detection ciircuit 
to come closer to that of the triple type solar cell 
module^ the time constant of RL integrating circuit was 
adjusted in the same manner as in Exan^le 1. 

As a result/ there was obtained a smooth I— V curve 
after the correction as well as In Example 1, 

A portion of the I-V curve in the vicinity of the Isc 
side which was considered to be capable of being 
approximated by a straight line was linearly approximated 
by the least square method, and a standard deviation of 
deviations from the regression line of every point of the I— V 
curve at said portion was computed- As a result, the standard 
deviation was 0,17% in a relative value. And the values of 
the output characteristics computed from the I-V curve 
after the correction, measured by the pulsed light solar 
simulator well agreed with those computed* from the X-V 
curve after the correction measured by the sunlight with 
a difference within ± 1%, 

Example 3 

As well as. in Example 1^ the measurement of a 
triple type solar cell module which is the same as the triple 
type solar cell module used in Example • 1 was carried out 
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using -the meastiring system shown ±n FIG. 1^ except nhat a 
photoelectric conversion device was used Instead of the RC 
integrating circuit used as the irradxance detection circuit 
in which the r&texenc^^ cell is used in Example 1. 
5 As the photoelectric conversion device, there was 

, used a triple type solar cell whose constitution Is the same 
as that of the triple type solar cell of the triple type solar 
cell module used in Example 1. Provided that in this triple 
type solar cell thereinafter referred to as ^''time 

10 constant— adjusting cell''')/ a shield was provided so as to 
prevent light from being impinged therein. The time 
constant-ad^usting cell is connected with the reference cell 
of the irradiance detection circuit In parallel connection 
in a forward direction such that the positive electrodes of 

15 the two cells are connected^ Zn this case, when light is 
impinged in the reference cell, photoelectric current is 
generated in the reference cell. 

Here, the time constant-adjusting cell is not 
irradiated with light and therefore, it has no 

20 photoelectric current- Thus, until the time when the 
photoelectric current generated in the reference cell is 
flown into the time constant-adjusting cell and it is 
saturated therein, building-up of the photoelectric 
current to flow in the shunt resistor is delayed- That is, 

25 the time constant-adjusting cell functions as a condenser 
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so as t:o Increase 1:he llgh^ responsive t;iiae constzant: as -the 
ixrad±ance detection circuit in a magnitude corresponding to 
the time constant of charging the condenser with the 
photoelectric current of the reference cell. 
5 Here, the electrostatic capacity C can be changed when 

the time constant-adjusting cell is made to have a large 
effective area or the time constant-adjusting cell is made 
to comprise a plurality of time constant-adjusting cells 
comprising * a triple type solar cell whose constitution is the 

10 same as that of the triple type solar cell of the triple type 
solar cell module used in Example 1 are connected in a 
parallel connection . 

A thin film semiconductor photoelectric conversion 
device sucH as the triple type solar cell used in this example 

15 as the time constant-adjusting cell has a large 
electrostatic capacity per a unit area, and therefore, it can 
be suitably used as the condenser whose electrostatic 
capacity is large « 

Now, in order to make the light responsive time 

20 constant of the irradiance detection circuit to come closer 
to that of the inspect ive triple type solar cell module, the 
light responsive time constant of the. irradiance detection 
circuit was properly adjvisted by using the most suitable 
time constant-adjusting cell selected from a plurality of 

25 time constant— adjusting cells having a different time 
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constaat by way of Cest^lng them one after the other while 
monitoring the short-circuit current t>y the oscilloscope as 
well as in Exaxnple 1* 

As a result, there was obtained a smooth I— V curve 
5 after the correction as well as in Example 1. 

A portion of the I-V curve in the. vicinity of the Isc 
side which was considered to be capable of being 
approximated by a straight line was linearly approximated 
by the least square method, and a standard deviation of 

10 deviations from the regression line of every point of the I-V 
curve at said portion was confuted » As a result^ the standard 
deviation was 0,19% in a relative value. And the values of 
the output characteristics computed from the i-V curve 
after the correction, measured by the pulsed light solar 

15 simulator well agreed with those computed from the I-V 
curve after the correction measured by the sunlight with 
a difference within ±1%. 

Example 4 

In this example^ the measuring procedures by means of 
20 the measuring system shown in FIG- 1 in Example 1 were 
repeated/ except that the condenser of the RC integrating 
circuit of the irradiance detection circuit in which the 
reference cell is used was changed to a variable capacitance 
condenser, the solar simulator was changed to a short pulse 
25 solar simulator havdLng an effective irradiation area of 130 



cm X 80 cm, an<i instead of the triple type solar cell module 
as the inspective photoelectric conversion device , a 
tandesn type solar cell xaodule was used. Thus, in this example^ 
the tandem type solar cell module was measured with respect 
5 to current --volt age characteristics thereof- 

The tandem type solar cell module used in this 
example is a tandem type solar cell module having an 
aperture area o£ about 120 cm x 35 cm and an outer shape of 
about 140 cm x 42 cm^ prepared by providing ten tandem 

10 [amorphous silicon (a-Si) /microcrystal silicon (uc-Si) ] type 
solar- cells comprising a top cell having a p— i-n junction in 
vhich an amorphous silicon (a-Si) is used as an i-type 
semiconductor layer and a bottom cell having a p-i-n 
junction in which a microcrystal silicon (iic-Si) is used as 

15 an i— type semiconductor layer which are stacked in this 
order on a stainless steel substrate, connecting said ten 
tandem type solar cells each other in series connection 
on a support member while inserting a by-pass diode 
therein^ and sealing the serialized body of the ten solar 

20 cells by forming a surface protective layer thereon* 

As the optical filter for approxixaating the 
spectral response of the reference cell to that of the tandem 
type solar cell module^ there was used an optical filter 
which is different from that used in Example 1, 

25 The duration of pulsed light of the short pulse solar 



71 



slJAuIaHor is about: 1 msec and said pulsed li^ht has such 
a vaveform as shown ±n FIG- 4l 

The measuremenl: of cur rent- volt age characteristics 
of the tandem type solar cell module was perfojcmed by the 
5 multiple pulse method wherein when the irradiance detected 
by the irradiance detection circuit reaches a prescribed 
valuer a trigger is applied to measure the voltage and 
current of the tandem type solar cell module, where I-V data 
for one point with respect to one pulse are acquired* 

10 Here, t;he emission interval of the pulsed light is 80 

msec. Therefore, there was adopted such a manner that the 
interval during which a voltage is stepwise applied to the 
tandem type solar cell module is made to be 80 msec, and 
immediately after the pulsed light emission is terminated, the 

15 voltage applied to the tandem type solar cell module is varied. 

And the integration time (the previously described At) 
for each of the detection of the irradiance and the detection 
of the voltage and current of the tandem type solar cell module 
was made to be 0-02 msec. 

20 In this exan^le, in order to make the light responsive 

time constant of the irradiance detection circuit to come 
closer to that of the tandem type solar cell module, the time 
constant of the RC integrating circuit was adjusted as well 
as in Example 1, At this time, by changing the condenser of 

25 the RC integrating circuit of the irradiance detection 



Circuit in which the reference ceil is used to the 
variable capacitance condenser as above described, it made 
possible to properly adjust the time constant of the RC 
integrating circuit by continuously changing the time 
5 constant while watching the monitor of the oscilloscope. Thus, 
the light responsive time constant of the irradiance detection 
circuit could be readily ad;justed as required. 

Separately^ to have changed the condenser of the RC 
integrating circuit, of the irradiance detection circuit in 

10 which the reference cell is used to the variable 
capacitance condenser provides other advantage such that 
even when the kind of the inspective photoelectric 
conversion device is changed and the light responsive time 
constant of the irradiance detection circuit becomes necessary 

15 to be readjusted^, it is possible to readily deal with this 
situation. 

By the way, in this example, due to the factors that 
the duration of the pulsed light is shorty the change rate of 
the ptolsed light per a unit time (the time-differentiated 

20 value of the irradiance) is relatively large and the integration 
time (At) is relatively smalls the noise of the monitoring by 
the oscilloscope became somewhat large and because of this, 
the previously described difference AI (t) of the two normalized 
short-circuit current values was within ± 1*5% of the 

25 reference short-circuit current value Io» 
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As a result; at -the measurement. ±n this example there 
was obtained a smooth 1-V curve after the correction as 
vrell as In Example 1. 

A portion of the l-V curve la the vicinity of the lac 
5 3ide which was . considered to be capable of being 
approximated by a straight line was linearly approximated 
by the least square method, and a standard deviation of 
deviations from the regression line of every point of the I-V 
curve at said portion was computed. As a result,, the standard 
10 deviation was 0.22% in a relative value. And the values of 
the output characteristics computed from the I-v curve 
after the correction/ measi^red by the pulsed light solar 
simulator well agreed with those contputed from the I-V 
curve after the correction measured by the sunlight with 
15 a difference within ± 1^2%. 

Example 5 

In this example, the measuring procedures by means of 
the measuring system shown In E*1G. 1 In Example 1 were 
repeated, except that the measurement was carried out 

20 outdoors by using the sunlight as the Irradiation light and 
instead of the triple type solar cell module as the 
inspect ive photoelectric conversion device, an amorphous 
silicon solar cell module was useci<, Thus, in this example, the 
amorphous silicon solar cell module was measured with 

25 respect to current -voltage characteristics thereof. 
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The amorphous silicon solar cell module used in this 
example is an amorphous silicon solar cell module having an 
outer shape of about 40 cm x 85 cm, prepared by providing 
21 subroodules having a size of 10 cm x 10 cm prepared by 
forming an amorphous silicon (a-Si) cell having a p-i-n 
:junction in which an amorphous silicon is used as an 
i-rype semiconductor layer on a glass substrate and 
sealing the resultant by a surface protective layer/ 
serializing every three of the 21 submodules to form seven 
serialized bodies and connecting the seven serialized 
bodies in parallel connection. 

As the optical filter for approximating the 
spectral response of the reference cell to that of the 
amorphous silicon solar cell module, there was used an 
optical filter which is different from that used in Example 
1- 

Because the measurement in this exaznple was carried 
out outdoors, the amorphous silicon solar cell module and 
the irradiance detection circuit were installed on a frame 
bed capable of tracking the sun which was placed outdoors. The 
measurement of the current-voltage characteristics of the 
ajaorphous silicon solar cell module was carried out under 
condition that the weather was not fine such that it has some 
clouds where the Irradiance of the sunlight was unstable. 

The irradiance was computed by comparing a 
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sliort-circuit current: value of the Irradiance detection 
circuit with the calibrated value obtained by the public 
agency beforehand where the irradiance detection circuit 
having the reference cell arranged therein was subjected to 
5 the measurement of the short-circuit current using the 
steady state light solar simulator, as the calibrated value. 

Enxrther^ the temperature of the amorphous silicon 
solar cell module was measured as well as in Example 1, and 
In order to prevent the temperature of the solar cell module 

10 from rising by the sunlight^ the sunlight was shielded 
until the time when the measurement was started, and 
immediately before the commencement of the measurement, the 
sunlight was started radiating to the solar cell module. The 
reference cell was controlled to have a temperature of 25 ± 

15 2 ^C- 

Separately, in order to make the light responsive time 
constant of the irradiance detection circuit to come closer 
to that of the amorphous silicon solar cell module, the time 
constant of the HC integrating circuit was previously adjusted 

20 as required by using pulsed light, as well as in Example 1. 

Xn order to examine the accuracy of the resultant 
current-voltage characteristics, the inspect ive amorphous 
silicon solar cell module was measured with respect to the 
current-'Voltage characteristics thereof outdoors under 

25 stable solar irradiation conditions that the weather is fine/ 



the iarradiance Is iti a range of from 800 to 1200 VT/iu^, and the 
air mass (AM) is 1,5 ± 0.1^ as well as in Example 1. That is, 
the measurement of the current -voltage characteristics was 
carried out under the ideal condition that is approximate to 
the reference solar radiation and is free of the influence by 
a variation in the irradiance. 

As a result of the measurement in this exanipler there 
was obtained a smooth X^V curve after the correction 
even under the condition that the w.eather has some clouds such 
that the irradiance of the sunlight was unstable. And the 
standard deviation of deviations from the regression 
line of every point of the curve at a position of the I-V 
curve in the vicinity of the Isc was 0.11% in a relative 
value, which is satisfactory. And the values of the output 
characteristics computed from the I-V curve after the 
correction well agreed with those computed from the I-V 
curve after the correction obtained by the outdoor 
measurement under the ideal condition that is 
approximate to the reference solar radiation and is free of 
the influence by a variation in the irradiance , with a 
difference within ±1%. 

As will be understood from the above description^- the 
present invention provides various significant advantages as 
will be described below. 

(1) In the method for measuring current— voltage 
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cfaaract:er±9t:lcs of an inspectii^e photoelectric conversion 
device by irradiating light to said photoelectric 
conversion device and a reference device at the same time 
vihile detecting an irradiance of said light using said 
5 reference device, by adopting a method of using an 
irradiance detection circuit in which the reference device 
is used and adjusting a light responsive time constant of 
the irradiance detection circuit in which the reference 
device is used so that the light responsive time constant 

10 of the irradiance ^detection circuit comes closer to that 
of the photoelectric conversion device, even In the case where 
the irradiance of the irradiation light is varied with time, 
a change in the effective irradiance which complies with 
a given light responsive speed of the photoelectric 

15 conversion device can be' precisely measured. This enables to 
accurately perform the irradiance correction for the 
measured current-voltage characteristics of the 

photoelectric conversion device. The current-voltage 
characteristics of the photoelectric conversion device 

20 wh.ieh have received the irradiance correction becomes 
accurate- In the case where the irradiation light is light 
which is varied with time, the effect in that the measured 
results of the cur rent --volt age characteristics of the 
photoelectric conversion device become accurate is 

25 significant . 
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(2) In the case where pul$ed light by an artificial 
light is used as the irradiation light, the measuring method 
of the present invention makes it possible to accurately 
measure a photoelectric conversion device vrith respect to the 
current-voltage characteristics thereof indoors ^ even when 
the photoelectric conversion device has a large area. For 
instance r in the case where a plurality of photoelectric 
conversion devices are produced and they are examined by means 
of an inspection instrument to measure their photoelectric 
conversion outputs, when the measuring method is adopted in 
the inspection instrument , the examination accuracy of the 
inspection instrument is improved and. the examination 
performance thereof is stabilized and because of this^ the 
yield of the products is stabilized. 

(3) In the case whe±e the sunlight is used as the 
irradiation light, even when the irradiance is varied with 
time depending on the meteorological condition, the measuring 
method of the present invention makes it possible to 
accurately measure cur rent- voltage characteristics of a 
photoelectric conversion device. Accordingly, for instance 
in the case where the photoelectric conversion device is 
installed outdoors and the measurement of the 
current- voltage characteristics thereof is intended to be 
carried out, the measuring method of the present invention 
makes it possible to accurately measure the cur rent-* voltage 
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charactreris-tics even when the meteorological condition is 
not such, that the weather is fine and the irradiance of the 
sunlight is stable. The measuring opportunity is greatly 
increased. 

(4) By using an integrating circuit in the 
irradiance detection circuit in which the reference device is 
used, it is possible that the light responsive time constant 
of the irradiance detection circuit is readily Increased so 
as to come closer to the light responsive time constant of the 
photoelectric conversion device • 

(5) As a component of aforesaid integrating circuit, 
by using a photoelectric conversion device which 16 different 
from the reference device, the range within which the light 
responsive time constant of the irradiance detection circuit 
is to be adjusted can be enlarged. Thus, even in the case where 
the inspect ive photoelectric conversion device is a 
photoelectric conversion device whose light responsive time 
constant is large, the light responsive time constant of the 
irradiance detection circuit can be readily made to come closer 
to that of the photoelectric conversion device, where the 
current-voltage characteristics of the photoelectric 
conversion device can be accurately measured. 

<6) In the measuring method of the present invention, 
by continuously varying the light responsive time constant of 
the irradiance detection circuit, it is possible to more 
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accurately zoeasure tlie current-voltiage characteristics of the 
photoelectric conversion device. Also in the case where a 
plurality of photoelectric conversion di&vlc&s having a 
different light responsive time constant are intended to be 
5 measured with respect to their current -voltage 

characteristics in a short period of time, their 
current-voltage characteristics can be accurately measured in 
a short period of time by continuously varying the light 
responsive time constant of the irradiance detection circuits 

10 (7) In the measuring method of the present invention, 

by making the light responsive time constant of the 
irradiance detection circuit in which the reference 
device is used to come closer to that of the photoelectric 
conversion device so that a difference between a 

15 normalized short-circuit current value by the irradiance 
detection circuit in which the reference device is used and 
a normalized short-circuit current value of the 

photoelectric conversion device^ which are measured at an 
optional timing during the time when the current-voltage 

20 characteristics of the photoelectric conversion device are 
measuring/ to fall within a rauige of £ 3%, a change in the 
effective irradiance which complies with a given light 
responsive speed of the photoelectric conversion device can 
be precisely measured at an accuracy within ±3%, even when 

25 the irradiation light is varied with time. Because of thiSr 
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the Irxadiance correction for the current-voltage 
characteristics, of the photoelectric conversion device can 
be carried out at an accuracy within ± 3% to iinprove the 
accuracy of the current-voltage characteristics after the 
5 correction* Separately^ the variation of the 

above-described . measured effective irradiance can be 
regarded as having a temporal instability {± 3%) which is 
equivalent to that by a solax simulator in Class B in the 
specification of JIS C 8912 for solar simulators for use in 
10 Jiieasuring crystal series solar cells. 



